Background and Purpose-We compared the effectiveness of using computed tomographic angiography and venography (CTAV) with digital subtraction angiography (DSA) in young or nonhypertensive patients with acute spontaneous intracerebral hemorrhage. Methods-We prospectively recruited 109 young (age between 18 and 45 years) or nonhypertensive patients with acute spontaneous intracerebral hemorrhage for this comparative study. All patients had CTAV using multidetector CT with 64 detectors. They were then scheduled to have catheter angiography the next day. Radiological data were collected for blinded analysis. Results-DSA-positive pathologies causing hemorrhage were identified in 37 (33%) patients, which included cerebral arteriovenous malformation in 22 cases. 
O ne of the major management tasks in spontaneous intracerebral hemorrhage is to find out whether the hemorrhage is secondary to an underlying structural vascular abnormality, such as arteriovenous malformation, aneurysm, or sinus thrombosis. Computed tomography angiography and venography (CTAV) has the multiple advantages of being a quick procedure (only minutes using multidetector row CT), noninvasive, more readily available, and advantageous for agitated or confused patients. [1] [2] [3] [4] It is thus important to assess and establish the roles of these techniques in a protocol setting. We aimed to compare the effectiveness of using CTAV with digital subtraction angiography (DSA) in young or nonhypertensive patients with acute spontaneous intracerebral hemorrhage by showing that a good-quality CTAV has high positive and negative predictive values.
Subjects and Methods
We recruited consecutive patients with spontaneous nonhypertensive and/or lobar intracerebral hemorrhage who presented within 96 hours after the initial ictus for the study. In accordance with our published data in the literature, we investigated for underlying vascular malformation in these patients, except among those older than 45 years with preexisting hypertension and thalamic, putaminal, or posterior fossa hemorrhage. 5 In the current study, we also excluded patients 70 years old or older and those with known renal impairment or allergy to intravenous contrast, or with emergency craniotomy before DSA. Informed consent was obtained from patients or next of kin. Patients were scheduled for CTAV within 24 hours after admission and a catheter angiography within 48 hours after admission. For the purpose of recruitment, hypertensive patients were defined as such by either their medical history or evidence of chronic hypertension (cardiomegaly on chest x-ray and/or left ventricular hypertrophy on electrocardiography).
Protocols for CTAV and DSA were described in the Supplemental Appendix (available online at http://stroke.ahajournals.org) If the CTAV and DSA images were normal, then following our current clinical routine, a second catheter angiography and/or MRI were arranged 6 to 12 weeks later (at the time the hematoma resolved) to determine whether an underlying arteriovenous malformation, cavernoma, aneurysm, or tumor existed that may have been masked by the initial hemorrhage. Cavernoma accounted for hemorrhage in 8% of patients. 6 
Main Outcome Measures
For data acquisition, the CT data (CTA, CTV, contrast CT) were reviewed separately by 2 neuroradiologists blinded to the clinical data and catheter angiography findings, and the catheter angiography data were reviewed by an interventional radiologist and an endovascular neurosurgeon separately blinded to the clinical and the CT data (CTA, CTV, contrast CT). Differences in opinion were resolved by discussion between the 2 observers and all differences were resolved by consensus after discussion. A positive finding was defined as one in which the underlying vascular etiology for the intracerebral hemorrhage was identified or suspected.
Statistical Analysis
Vascular lesions were assessed by both CTAV and catheter angiography, in which catheter angiography served as comparison. From the analysis, we determined the CTAV predictive values for DSApositive pathologies (sensitivity, specificity, accuracy, positive predictive value, and negative predictive value). Intermodality agreement for DSA-positive pathologies and cerebral arteriovenous malformations were assessed using Cohen coefficient. Data analysis was performed using SPSS for Windows version 15.0. A difference with PϽ0.05 was regarded as statistically significant (2-tailed test).
Results
We screened a total of 966 patients with spontaneous intracerebral hemorrhage over a 3-year period from January 1, 2007 to December 31, 2009. Exclusion criteria included age older than 70 years (406 patients), emergency craniotomy before DSA (156 patients), and typical hypertensive deepseated hemorrhage patients aged older than 45 years (269 patients). In total, 135 patients were eligible, and 109 (81%) of them consented to participate in the current study. The mean (ϮSD) age of participants was 47.6 (Ϯ14.9) years, and 73 (67%) were male. Hematomas were of the following types, based on location: lobar (80; 73%), putaminal (17; 16%), thalamic (3; 3%), cerebellar (7; 6%), and brain stem (2; 2%). The mean (ϮSD) intracerebral hematoma volume was 19.2 (Ϯ21.7) mL. Associated hemorrhages included subdural (18; 17%), focal subarachnoid (42; 39%), and intraventricular (37; 34%) ones.
DSA-positive pathologies causing hemorrhage were identified among 37 (33%) patients, which included cerebral arteriovenous malformation (22; 20%), cerebral aneurysm (2; 2%), sinus thrombosis (7; 6%), and brain tumor (2; 2%). All of the vascular lesions were also identified via CTAV. CTAV made a false-positive diagnosis of a cerebral arteriovenous malformation, which turned out to be a venous angioma on DSA. Thus, CTAV to detect DSA-positive pathologies had accuracy, positive predictive value, and negative predictive value of 99.1% (95% CI, 95.7%-100%), 97.3% (95% CI, 88.3%-99.9%), and 100% (95% CI, 95.9%-100%), respectively (Table) . Cohen's coefficients were 0.98 (PϽ0.001) and 0.97 (PϽ0.001) for DSA-positive pathologies and cerebral arteriovenous malformations, respectively, which indicate excellent intermodality agreement.
For cerebral arteriovenous malformations, DSA identified 29 arterial feeder origins and 29 venous sinus/deep venous drainage systems, among which 28 (97%) arterial feeder origins and 24 (83%) venous sinus/deep venous drainage systems were identified via CTAV. Cohen coefficients for the identification of arterial feeder origins and venous sinus/ deep drainage systems were 0.94 (PϽ0.001) and 0.78 (PϽ0.001), respectively, indicating excellent and good intermodality agreements. Five (22.7%) cerebral arteriovenous malformations had nidal aneurysms on DSA, whereas 11 (50%) cerebral arteriovenous malformations had nidal aneurysms on CTAV. Cohen coefficient for nidal aneurysms was 0.455 (Pϭ0.011), which indicates only fair intermodality agreement.
Discussion
We were able to show that CTAV has high positive and negative predictive values for vascular pathologies (DSApositive) in young (age between 18 and 45 years) or nonhypertensive patients with acute spontaneous intracerebral hemorrhage. CTAV could serve as a screening tool for arteriovenous malformation before emergency hematoma evacuation in neurologically deteriorating patients; however, for the assessment of the angioarchitecture (venous drainage and nidal aneurysm) of arteriovenous malformation, CTAV is still deficient compared to DSA.
A recent systemic review and survey investigated the diversity in protocols for the radiological investigation of spontaneous nontraumatic intracerebral hemorrhage. 7 Such diversity is probably attributable to uncertainty regarding the predictive values of noninvasive imaging and risk of DSA. The results of the current study show that CTAV for the noninvasive investigation of vascular lesions has high predictive values in detecting vascular pathologies and is applicable during the acute phase. Thus, it could be the target of future studies of the diagnostic yield for acute spontaneous hypertensive intracerebral hemorrhage and act as a cornerstone for future radiological investigative protocols for patients with spontaneous intracerebral hemorrhage. One important point is that we only included young or nonhypertensive patients and, thus, the reported diagnostic yield should not be generalized to all hemorrhagic stroke patients. 
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